The relation between correlation functions and the general theory of communication is presented; this relation leads to a technique for electronic computation of correlation functions and to the design of a machine for carrying out the computation. Because of the requirements of great accuracy and long storage the machine makes use of binary digital techniques for storage, multiplication and integration. Descriptions of the more unusual circuits in the machine are given, and complete circuit diagrams are included. 
T = t2 -tl. The experimental evaluation of P(yl, Y 2 ; T) for even a single stationary ensemble is a lengthy task (7) because it requires the evaluation of P for each point in the three-dimensional space Y 1 , Y 2 , T. It is therefore fortunate and of considerable engineering interest that a certain class of communication problems* can be treated in terms of the moment of the distribution P: 00 x M() =i yY2 P(yl, y 2 ; T)dYl dY Z
The three-dimensional probability distribution undergoes a smoothing due to the process *Notably the design of optimum linear systems, Refs. 1 and 2.
-1-I_ _ _ L· I L _ of integration, and the result is a one-dimensional rather than a three-dimensional function. Furthermore, the moment M(T), which may be regarded as the average value of the product Y 1 y 2 (for a specified T), can be evaluated without recourse to the probability distribution P. In fact, if f(t) is a member of the ensemble, the average of products of pairs of values of f(t) which are separated by time T is the correlation function T +(T) =To 2r TI f(t) f(t + T) dt (2) -T For a stationary process it follows from the ergodic theorem that M(T) = (T).
Theory of Computation
Since, according to the results above only one member f(t) of the ensemble is required to compute (T), a convenient approximate method of evaluating +(T) experimen- tally is to average a large number of products of pairs of samples of f(t):
1 where N is a large number and a n and b n are samples of f(t) which are separated by the interval T.
Physically, the above discussion means that the computation may proceed as follows:
A sample a of the input time series is obtained and stored; after a time T has elapsed, a sample b is taken and stored; the two samples a and b 1 are multiplied together; the product is stored, and the samples a and b are discarded. The sampling and multiplying process is carried out repetitively, and each time a product is obtained it is added to the cumulative sum of the products previously obtained. After N such products have been obtained, the sum is recorded and the device which stores the products is reset to zero. The sum recorded represents the value of (-) for the value of T under consideration. Proceeding in this way, as many points on the correlation function as desired may be obtained. The procedure just described is used in the present machine.
Although an average might be obtained in a shorter period of time by delaying the entire wave form, such a procedure would require the use of more complex equipment.
General Design Specifications
An earlier experimental correlator (8) at the Research Laboratory of Electronics demonstrated the feasibility of high-speed electronic computation of correlation functions.
Results on this earlier correlator pointed out the need for great accuracy in the computing circuits and in the specification of the delay T, as well as a need for a very large range of possible values of T. Although the preliminary machine served an exceedingly useful purpose, it was limited in the range of delay available, and hence was unable to handle many of the problems susceptible to treatment by correlation functions. The -2-___ _ _ present research was initiated in order to provide the laboratory with a highly flexible, general-purpose correlator; one which would meet the requirements of the numerous applications which had been proposed, and would take advantage, in its design, of experience gained on the first correlator. The following general design specifications for the present machine were evolved:
1. Wideband input circuits (d-c to 12 Mc/sec).
2. Wide range of delays (0 sec to 0.1 sec).
3. Minimum increments in T to be less than 0. 1 ,sec.
4. Value of T to be known to within 0. 01 [Jsec.
5. Machine to be completely automatic.
6. Accuracy and long-term stability to be as great as possible.
The requirement for great accuracy and stability, and especially for very long storage, strongly indicated the use of digital techniques. The binary system is therefore used for storing, multiplying and integrating. By this means, possible sources of error are limited to the sampling circuits and to the circuits for translating the samples into binary numbers. Errors from these sources are first minimized by careful selection and design of the circuits used. Remaining errors are further reduced by a special feedback drift-compensating circuit. Descriptions of the circuit techniques used are given below, and together with the general description of the machine, form the body of the report.
General Description
A functional block diagram of the correlator is shown in Fig. 1 . This is a straightforward translation of Eq. 3 into functional components. To avoid using a separate number generator for each of the two channels, a selector gate is used to route the A 
Circuit Features
We now proceed to a somewhat more detailed discussion of those parts of the machine which are especially important in meeting the design specifications listed above.
Timing Equipment. Sampling and Coding Circuits. In order to produce a binary digital representation of the amplitude of the input signal at the time of sampling, the corresponding boxcar is first converted to a pulse having a duration proportional to the boxcar amplitude. The duration-modulated pulse is then used to gate a train of timing pips to a binary counter.
The counter is reset to zero prior to the occurrence of each duration-modulated pulse so that the condition of the counter at the end of the duration-modulated pulse is a binary representation of the boxcar amplitude (10) . It is evident that the only important errors produced by the correlator must lie in these circuits; that is, in the boxcar generator and in the duration-modulated pulse generator. The duration-modulated pulse is obtained by intersecting the boxcar with a saw-tooth wave form, and marking the instant of After each of the numbers for the two input channels is generated, it is gated into storage in the number register (see Fig. 11 ). The register consists of two sets of ten flip-flops each (one set for each of the two numbers to be 
Detailed Functional Diagrams
A detailed functional block diagram of the complete correlator is shown in Fig. 16 and Fig. 17 . Fig. 16 includes all the computing circuits of the machine and Fig. 17 includes all the timing circuits. These functional schematics are easily followed on the basis of the preceding discussion of individual circuits.
Schematic Diagrams
Complete schematic diagrams of all circuits are given in Figs. 18 through 31. It is believed that these detailed schematics may be useful as reference material to future designers of similar equipment.
Photograph
A photograph of the correlator is shown in Fig. 32 .
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